Abstract Background: The smoking prevalence among men in China is high, but the head and neck cancer incidence rates are low. This study's purpose was to investigate the impact of tobacco, betel quid, and alcohol on head and neck cancer risk in East Asia. Methods: A multicenter case-control study (921 patients with head and neck cancer and 806 controls) in East Asia was conducted. The odds ratio (OR) and 95% confidence interval (CI) were estimated using logistic regression. Results: Head and neck cancer risks were elevated for tobacco (OR = 1.58), betel quid (OR = 8.23), and alcohol (OR = 2.29). The total attributable risk of tobacco and/or alcohol was 47.2%. Tobacco/alcohol appeared to account for a small proportion of head and neck cancer among women (attributable risk of 2.2%). Betel quid chewing alone accounted for 28.7% of head and neck cancer.
| INTRODUCTION
Each year in the world, more than half a million patients with head and neck cancer are diagnosed and 325 000 individuals die of head and neck cancer. 1 Head and neck cancers are malignancies that arise in the oral cavity, pharynx, and larynx. Head and neck cancer cases comprise 300 000 oral cavity cancers, 142 000 pharyngeal cancers, and 156 000 laryngeal cancers. The age-standardized incidence rates are 12.7 and 3.7 per 100 000 men and women, respectively. 1 In China, 47 000 head and neck cancer cases and 28 000 deaths due to head and neck cancer are estimated to occur each year. 1 The age-standardized incidence rates in China are fairly low at 4.3 per 100 000 for men and 1.2 per 100 000 for women. The majority of oral cavity, oropharyngeal, hypopharyngeal, and laryngeal cancers are squamous cell carcinoma (SCC) in histology. The main risk factors for SCC of the head and neck are tobacco smoking and alcohol drinking. The tobacco smoking prevalence among men in China is very high at 48.7%, whereas the prevalence among women is fairly low at 2.0% in 2015. 2 The lung cancer incidence rate among men in China (52.8 per 100 000) reflects the high smoking prevalence. 1 Thus, the very low head and neck cancer incidence rates are puzzling. Together, tobacco and alcohol account for approximately 51% of head and neck cancer in the United States, 84% of the disease in Europe, and 83% of the disease in Latin America. 3 In India, the proportion of patients with oral cavity cancer attributed to smokeless tobacco use is approximately 52.5% among men and 52.6% among women. 4 The combined impact of tobacco and alcohol consumption is greater than the sum of their individual effects and exceeds a multiplicative effect on the risk of head and neck cancer. 3 There have been 3 epidemiologic studies on head and neck cancer in Japan, 3 in China, and 1 in Taiwan. [5] [6] [7] [8] [9] [10] [11] However, population attributable risk estimates are not available for Asia at present. The purposes of tis study were to investigate the impact of tobacco smoking, betel quid chewing, and alcohol drinking on the risk of head and neck cancer in a large-scale multicenter study in East Asia and to estimate the attributable risks of cigarette smoking, alcohol drinking, betel quid chewing, and their interactions.
| MATERIALS AND METHODS
We conducted a multicenter case-control study in East Asia including 8 centers (Beijing, Fujian, Henan, Jiangsu, Liaoning, Shanghai, Sichuan, and Taiwan). Between December 2010 and February 2015, 921 incident patients with head and neck cancer, including oral cavity, oropharynx, hypopharynx, and larynx, and 806 controls were recruited. The face-to-face interviews of both patients and controls were structured to obtain information on current and previous alcohol consumption, dietary habits, tobacco consumption, and other lifestyle factors. Written informed consent for participation was obtained from all study participants, and institutional ethical approval for human subject research was obtained at the University of Utah and the universities in Fujian, Henan, Shanghai, Sichuan, Taiwan, and Beijing.
The inclusion criteria for patients were 1) age 18 to 80 years old; 2) incident patients with head and neck cancer (tumors were assigned to 1 of the 5 categories as follows: (1) oral cavity (includes lip, tongue, gum, floor of mouth, and hard palate): codes C00.3 to C00.9, C02.0 to C02.3, C03.0, C03.1, C03.9, C04.0, C04.1, C04.8, C04.9, C05.0, C06.0 to C06.2, C06.8, and C06.9; (2) oropharynx (includes base of tongue, lingual tonsil, soft palate, uvula, tonsil, and oropharynx): codes C01.9, C02.4, C05.1, C05.2, C09.0, C09.1, C09.8, C09.9, C10.0, C10.2 to C10.4, C10.8, and C10.9; (3) hypopharynx (includes pyriform sinus and hypopharynx): codes C12.9, C13.0 to C13.2, C13.8, and C13.9; (4) oral cavity, pharynx unspecified or overlapping: codes C02.8, C02.9, C05.8, C05.9, C14.0, C14.2, and C14.8; and (5) larynx (includes glottis, supraglottis, and subglottis): codes C10.1, C32.0 to C32.3, and C32.8 to C32.9); 3) final diagnosis based on histologic or cytologic confirmation; and 4) interviews performed within 6 months of cancer diagnosis. Controls were frequency-matched by sex, 5-year age group, ethnicity, and residence area from hospitals at each of the centers. Approximately 99% of the interviews for patients with head and neck cancer were conducted within 6 months of diagnosis. Patients could be included even after treatment started. Controls were selected from a strictly defined list of diseases unrelated to alcohol, tobacco, or dietary practices. This included 1) benign disorders; 2) endocrine and metabolic; 3) skin, subcutaneous tissue, and musculoskeletal disorders; 4) trauma; 5) circulatory disorders; 6) ear, eye, and mastoid disorders; 7) diseases of upper respiratory tract; 8) diseases of the oral cavity, salivary gland, and jaws; 9) gastrointestinal; 10) nervous system; 11) other diseases; and 12) no diagnosis (healthy population). The proportion of hospital controls within a particular diagnostic group did not exceed 33%. Hospital controls should have been in the hospital <1 month when recruited. The participation rates for patients/controls were 100%/100% in Beijing, 100%/100% in Jiangsu, 100%/100% in Shanghai, 100%/100% in Henan, 100%/100% in Fujian, 92%/91% in Liaoning, 51%/73% in Sichuan, 92%/100% in Taiwan.
| Statistical methods
The OR and 95% CI were estimated using logistic regression. The adjustment variables included age (categories as shown in Table 1 ), sex, education (categories as shown in Table 1 ), center, ethnicity (categories as shown in Table 1 ), tobacco smoking duration (continuous), tobacco smoking frequency (never, <20 cigarettes/day, ≥20 cigarettes/day), alcohol drinking duration (never, <20 years, 20-< 40 years, ≥40 years), and alcohol drinking frequency (continuous) where appropriate.
Never users of tobacco were defined as individuals who had not used cigarettes and pipes during their lifetime. Cigars and chewing tobacco were not considered in this study because none of the patients or controls reported these habits in this study population. A combined tobacco frequency variable was created for cigarettes and pipes, by calculating cigaretteequivalents for pipe smoking (1 pipe = 3.5 cigarettes).
Attributable fraction (AF) was estimated for established risk factors, including tobacco smoking, betel quid chewing, and alcohol drinking with the Equation AF = p(ec) × (OR -1)/OR, where p(ec) is the proportion exposed among the patients; 12 ORs adjusted for potential confounding factors were used in the equations. The population attributable risk (PAR) for tobacco and/or alcohol exposures was estimated with the equations in the book Modern Epidemiology.
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The multiplicative interaction parameters [ψ = OR 11 / (OR 01 *OR 10 )] and 95% CI were estimated by including variables for ever alcohol use, ever tobacco use, and a product term of those 2 variables in the logistic regression model, where ψ >1 is suggestive of a joint effect that is greater than expected under the multiplicative model. We also estimated ORs and tested interactions for all combinations of the 3 habits together (cigarette smoking, betel quid chewing, alcohol drinking). SAS v.9.4 was used for all the analyses.
| RESULTS
A total of 921 patients with eligible cancers (424 oral cavity cancer, 106 oropharyngeal cancer, 81 hypopharyngeal cancer, 85 laryngeal cancer, and 225 unspecified and overlapping head and neck cancer) and 806 eligible controls were included in this analysis. Selected characteristics of the patients and controls are shown in Table 1 . The Taiwan center contributed the largest proportion of participants. There were a higher proportion of women (31.02% in controls, 21.17% in patients) and more educated participants (41.32% in controls, 14.01% in patients) among the controls.
Ever tobacco smoking conferred an increased head and neck cancer risk (OR = 1.58, 95% CI 1.18, 2.13; Table 2 ). The attributable risk for tobacco smoking was 24.0%, with a larger proportion of patients attributed to heavy tobacco smoking frequency (≥20 cigarettes per day AF = 21.1%) and longer duration of smoking (20-< 40 years AF = 18.3%; ≥40 years AF = 6.6%). The head and neck cancer risk was elevated by approximately 2-fold for ever alcohol drinking. The AF for alcohol drinking was 29.6%, with a similarly large proportion of patients attributed to heavier drinking (≥2 drinks/day; AR = 25.4%) and longer duration of drinking (20+ years, AR = 23.9%). For head and neck cancer overall, the total attributable risk of tobacco smoking and/or alcohol drinking was 47.2% (23.1% for alcohol drinking alone; 17.6% for tobacco smoking alone; 6.5% for tobacco smoking and alcohol drinking combined; Table 3 ). A multiplicative interaction between tobacco smoking and alcohol drinking was not detected for head and neck cancer overall (ψ = 1.01, 95% CI 0.88, 1.16). Although subsite analysis showed similar associations, higher AFs from tobacco smoking and/or alcohol drinking were observed for oropharyngeal and laryngeal cancer sites (38.7% for oral cavity, 52.1% for hypopharynx, 90.0% for oropharynx, and 69.6% for larynx; Table 3 ). The attributable risks from tobacco smoking and/or alcohol drinking among women were lower than those among men (AF for tobacco smoking and alcohol drinking together was 62.3% for men and 2.2% for women; Table 3 ).
Betel quid chewing was associated with an increased risk of head and neck cancer (OR = 8.23, 95% CI 5.31, 12.75; Table 4 ), accounting for 28.7% of head and neck cancer patients. A dose-response relationship between both betel quid chewing frequency and duration and head and neck cancer risk was detected ( p value for trend <0.0001). The association with ever betel quid use was consistent across all subsites though the association was suggested to be stronger for oral cavity cancers. The associations for betel quid chewing intensity and duration were higher for oral cavity than head and neck cancer overall (for head and neck cancer overall: ≥20 pieces/day, OR = 13.71, 95% CI 7.03, 26.75; When tobacco smoking and alcohol drinking frequency categories were examined, the combination of the highest frequency (20+ cigarettes/day and 2+ drinks/day) contributed to 19.3% of head and neck cancer overall (Figure 1 ). However, with the wide 95% CIs, the results should be interpreted with caution. We were unable to perform similar frequency analysis for head and neck cancer subsites.
The combined associations among tobacco smoking, betel quid chewing, and alcohol drinking were examined for head and neck cancer risks. Individuals with all 3 habits had a higher risk of head and neck cancer (OR = 20.60, 95% CI 11.75, 36.12; Table 5 ) than individuals who had 1 or 2 of the 3 habits of interest. Because of limited statistical power, the log-likelihood tests did not detect any interactions between 2 or 3 of the habits of interest (p value =0.24 for tobacco smoking and betel quid chewing; p value = 0.73 for tobacco smoking and alcohol drinking; p value = 0.97 for alcohol drinking and betel quid chewing; p value = 0.34 for all 3 combined; data not shown).
| DISCUSSION
The main finding of our study is that the well-established associations of tobacco smoking and alcohol drinking with head and neck cancer risk were observed, though the strength of the associations was less in this population compared to study populations in the United States or Europe. 13, 14 The OR for smoking for ≥40 years was 5.33 (95% CI 3.55, 8.22; AF = 27.1%) in the U.S. cohort study, 13 whereas that in this
Chinese population was 1.76 (95% CI 1.08, 2.85; AF = 6.6%). Overall, tobacco smoking, betel quid chewing, and alcohol drinking were responsible for a large proportion of head and neck cancer in our study population. However, the AFs of tobacco smoking and/or alcohol drinking are lower in this population (AF = 47.2%) than that in the U.S. population (AF = 66.0%) 13 possibly because of the greater risk conferred by betel quid chewing (AF = 28.7%) in this Chinese study population.
Our results also showed that tobacco smoking and alcohol drinking account for a higher proportion of head and neck cancer among men than among women in this study population. This finding is consistent with the results from the previous literature 3 and is likely due to the higher proportion of men who drink alcohol and/or smoke tobacco, as is true in most countries. 15 Tobacco seemed to be a relatively weak carcinogen in this study population. A review of tobacco/alcohol and squamous cell carcinoma of the esophagus also reported a weaker association to smoking (status, duration, and intensity) in Asians than in Europeans. 16 Such a difference may be due to differences in smoking patterns (eg, inhalation), chemical characteristics of tobacco, and/or genetic factors. In a Japanese study on cigarette smoke inhalation and lung cancer risk, ever smokers who inhaled cigarette smoke had a 1.5-fold risk increase compared to those who did not inhale cigarette smoke. 17 Unfortunately, we
were not able to assess this because we did not collect such information in this study. The limited observed associations to smoking might also be influenced by the less intense smoking in China in the past. Ng et al. reported that an average smoker in China smoked 22 cigarettes a day, which is almost 50% more than in 1980. 15 upper ranges in the United States than those in Japan. 18 The tobacco smoked in mainland China and Taiwan is assumed to be more likely to be similar to that in Japan than in the United States. Thus, this variation might have contributed to the observation of a weaker association with tobacco smoking in this study, compared to the studies in the United States. As for genetic factors, for instance, GSTM1 (glutathione S-transferase) enzyme, which is involved in the metabolism of tobacco, loses its function if there is homozygous deletion 19 and has been suggested to play a role in carcinogenesis of several cancers, such as lung cancer in Asians, [20] [21] [22] breast cancer, 23 and bladder cancer. 24 A pooled analysis suggested the null genotype of GSTM1 may be associated with a higher oral cancer risk in Asians than in whites. 26 However, how GSTM1 variation modifies the effect of tobacco smoking on head and neck cancer has not been investigated thoroughly. Zhang et al. reported an inverse interaction between GSTM1 null polymorphisms and smoking, but also suggested GSTM1 may decrease oral cancer risk via pathways that are not directly involved in the detoxification of procarcinogens in tobacco smoke. On the other hand, Sharma et al reported a positive interaction between GSTM1 and smoking on head and neck cancer risk. 27 The reports on the interaction between smoking and GSTM1 on head and neck cancer risk seemed inconclusive and warrant further research to understand the effect of smoking modified by GSTM1. The AF for alcohol alone was much higher (OR = 2.26, 95% CI 1.41, 3.64, AF = 23.1% in this study), unlike the results (OR = 1.06, 95% CI 0.88, 1.28, AF = 4.0%) based on the pooled data in the International Head and Neck Cancer Epidemiology (INHANCE) consortium. 3 Because the proportion of exposed patients is similar in both study populations, the main source of the difference seems to be the estimated effect of alcohol drinking on the development of head and neck cancer. Alcohol is a strong carcinogen in this population, relative to other populations. This observation may be due to differences in genetic predisposition and/or drinking patterns. Although individuals in Asian and in the Western regions may be exposed to similar risk factors, head and neck cancer susceptibility may vary because of polymorphisms of enzymes that metabolize carcinogens. 14, 28 One example of such polymorphisms would be aldehyde dehydrogenase (ALDH2) with low activity results in elevated blood levels of acetaldehyde after alcohol drinking. 29, 30 A study in Japan found the combination of heavy drinking and ALDH2 Glu/Lys genotype resulted in a high cumulative risk for head and neck cancer. 31 Alcohol dehydrogenase, ADH1C, was also reported to modify the effect of alcohol on head and neck cancer development. 32 According to Monograph 100E by the International Agency for Research on Cancer, betel quid chewing (with or without added tobacco) is a group 1 carcinogen in humans, especially for cancers of the oral cavity and esophagus. 33 The associations with oropharyngeal, hypopharyngeal, and laryngeal cancer are less established in the current literature. Our results with a stronger association for the oral cavity cancer risk were consistent with the existing literature. 11, 34 Furthermore, ever betel quid chewing was consistently associated with the other head and neck cancer subsites in this current study. There was not sufficient power for this study to examine the associations with chewing frequency and duration for every subsite except oral cavity, which showed a stronger association than head and neck cancer overall. The association to betel quid chewing was assessed by sex. Betel quid chewers mainly consisted of the study population from the Taiwan study center and men. A study conducted on tobacco-free betel quid chewing in men in Taiwan showed similar results (OR = 4.85, 95% CI 3.54, 6.64 for all head and neck cancer; OR = 7.03, 95% CI 4.81, 10.28 for oral cavity; OR = 3.54, 95% CI 2.09, 5.98 for pharynx; OR = 1.53, 95% CI 0.76, 3.07 for larynx). 11 Such similarity was expected because our exposed population was mainly from Taiwan, and betel quid use in Taiwan generally does not include tobacco. This analysis suggested that all these 3 risk factors are not very important for women. There is a background rate of head and neck cancer on the order of 1 per 100 000, which is not explained by these 3 factors and is similar in men and women. When tobacco smoking, betel quid chewing, and alcohol drinking were examined together in the same model, the association to betel quid chewing only was stronger than that to alcohol drinking only or to tobacco smoking only. However, this comparison should be interpreted with caution because of the limited number of controls with exposure to betel quid chewing only. Exposure to all 3 showed a much stronger association to head and neck cancer risk, compared to no exposure and exposure to 2 of the 3.
Although we detected associations of tobacco smoking, betel quid chewing, alcohol drinking, to head and neck cancer risk, we did not detect more than multiplicative interaction between these exposures, unlike the results from the pooled analysis for studies in Europe, North America, and Latin America. 3 Our results suggesting a lower attributable risk and no more than a multiplicative interaction in the Chinese population suggested a possible stronger role of other risk factors (such as betel quid chewing in this population) for head and neck cancer development. Another possible reason is that perhaps we had low power to detect such an interaction because of smaller proportions of exposed patients in this study population (34% exposed to both tobacco smoking and alcohol drinking in this study vs 82% in the pooled study population in the INHANCE consortium). Finally, although human papillomavirus (HPV) infection is an important factor that warrants further investigation, especially in Chinese population, it is outside the scope of this paper. IARC Monograph has classified HPV infection as a causal factor for oropharyngeal cancer. 35 However, most of the studies on HPV and oropharyngeal cancer in the Chinese population were prognostic factor investigations. [36] [37] [38] On the basis of HPV marker P16 protein status, Wang et al. reported 25.8% and 9.5% positive findings in oropharyngeal cancer and oral cavity cancer samples, respectively (Wang 2017 ).
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A recent population-based study on incidence and clearance of oral HPV infection showed a low incidence rate of oncogenic mucosal HPV (0.30 per 1000 person-months) and most incident HPV infections were cleared within 1 year. 39 The main challenge to investigate the relationship between HPV and oropharyngeal cancer risk in the Chinese population is the low prevalence of HPV infection. There are several limitations in this study. First of all, there might be recall bias due to the nature of a case-control study design. Patients may be more likely to recall the exposure to cigarette smoking, alcohol drinking, and betel quid use than controls. However, our risk estimates were not greater than a recent U.S. cohort study, 13 suggesting that bias away from the null was not a major issue. Additionally, hospital control selection might be a concernbecause of potentially different characteristics, especially the exposures of interest, from those of the general population in China. As for tobacco smoking, the World Health Organization reported the current tobacco smoking and current cigarette smoking prevalence in China in 2010 to be 27.3% and 24.9%, respectively, for both sexes combined, 40 whereas such prevalences in the control population of our study were 28.9% and 29.0%, respectively. The prevalence of current smoking in the general population in China seemed slightly lower than that in the study control population. Such a rate difference might have caused the effect estimates to be biased toward the null. Thus, we may expect the actual associations to smoking to be stronger than the observed. As for alcohol drinking, there was no equivalent prevalence rate available for the general Chinese population around the same time. The closest statistics identified were 33% of men and 2% of women were drinking alcohol at least weekly in the past year when the study population was enrolled between 2004 and 2008 from 10 diverse rural and urban areas in China. 41 In our study control population, 31.7% of men and 2.80% of women reported being current alcohol drinkers. On the basis of these comparisons, our study control population seemed to have similar proportions of current alcohol drinkers. As for betel quid chewing, Yap et al. reported 20.9% of men and 1.2% of women chewed betel quid in Taiwan, 42 whereas our study showed 12.4% of men and 1.43% of women from the Taiwan study center ever chewed betel quid. The prevalence of betel quid chewing is lower for men in our study compared to the report by Yap et al probably because of the different definition of ever betel quid chewers (chewed at least 1 quid within a week for at least 6 months in the Yap et al paper vs chewed betel quid for at least 1 year in our paper). Thus, it is difficult to assess the control selection on the basis of betel quid chewing rate. However, prevalence of both tobacco smoking and alcohol drinking suggested the control selection was reasonable and would not have biased the estimates away from the null value. Furthermore, our sample size for head and neck cancer was large, but for specific subsites such as hypopharyngeal and laryngeal cancers, our patient numbers were fairly limited. Our statistical power to detect interactions was also limited. In addition, our main source of betel quid chewingexposed population was only from Taiwan. The associations with betel quid chewing are expected to be similar in areas with high prevalence of betel quid chewing in mainland China, warranting future investigations on such an exposure in the mainland population.
The main strength of this study is that this is a recent large-scale study in a population with Chinese ethnicity to estimate attributable risks by tobacco smoking, betel quid chewing, alcohol drinking, and their interactions. This study will be important in representing head and neck cancer patients from East Asia within the International Head and Neck Cancer Epidemiology (INHANCE) Consortium.
In summary, our study showed that betel quid chewing is the strongest risk factor responsible for oral cavity cancer development in this Chinese population and that alcohol may play a larger role in this population than in European or U.S. populations for head and neck cancer development. These 3 risk factors may explain all the differences in head and neck cancer incidence rates between men and women.
